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USE OF CROP MODELS TO EVALUATE CROP MANAGEMENT 
William D. Batchelor 
Assistant Professor 
Agricultural and Biosystems Engineering 
Iowa State University 
Ames, IA 50011 
Introduction 
Crop growth models are computer programs that compute daily growth of corn and 
soybeans based on daily weather (maximin temperature, rainfall, solar radiation) and 
management practices (planting date, variety, population, fertility, irrigation). During the 
past two years, we have undertaken several projects to validate a soybean and corn growth 
model in Iowa. These projects include baseline validation, yield prediction, and use of 
models to study spatial yield variability. We also have a project to evaluate the 
CROPGRO-Soybean model on several farms in Iowa. In this paper, we discuss several 
current projects which use crop growth models to evaluate crop response to management in 
Iowa. 
Predicting County Level Soybean Yields 
One of the most exciting uses of crop growth models is to predict yields prior to harvest. In 
a pilot project, we have developed methods to use the CROPGRO-Soybean model to 
predict soybean yields on a county level prior to harvest. Cerro Gordo county was selected 
for this analysis, primarily because of the existence of long-term weather records. The goal 
of this exercise was to develop methods to calibrate the soybean model to give a good fit 
between predicted and measured county yields from 1986-1995. Input files for the crop 
model were developed for each year. Planting date distribution data in terms of the percent 
of acreage planted each week during the spring were used as inputs. The model was run 
once for each planting date, and yields were averaged according to the percent of area 
planted on each date. We assumed a maturity group 2 variety was planted on each planting 
date each year. We also assumed a homogeneous soiltype. Disease and weeds were not 
accounted for in this analysis. 
Figure 1 shows results of the model runs. In most years, the difference between predicted 
and measured county average yield was less than 4 bu/ac. The largest error occurred in 
1992. For this year, county level planting date information was not available, so we used 
statewide planting date distributions. This analysis shows that the model performs well in 
predicting historic yields. 
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We have used this approach to predict 1996 yields in this county this summer. Beginning 
August 1, 1996, we entered measured weather data, and used weather forecasts for the 
remainder of the year. This was repeated every 2 weeks to update yield forecasts for the 
county. Yield forecasts beginning in early August showed reduced yields in the county, 
because we were using cool weather forecasts. As we moved into September, yields 
increased to near the 10 year mean yield of 41 bu/ac. We are currently awaiting an accurate 
estimate of measured yields to compare with the forecasted yields. Care must be used when 
using the model to predict yields, since the model is very sensitive to temperature and 
rainfall used in the weather forecast. 
Using this approach, we can also predict the distribution of soybean maturity, in order to 
evaluate potential effects of frost damage. An example is presented in Figure 2 for 1986-
1995. We used the same approach for predicting yields to predict physiological maturity. 
A weekly interval for planting dates were used for each year. Percent of acreage planted on 
each date was used to compute the percent of acreage that has reached maturity. In Figure 
2, the distribution of fields reaching maturity on a given date is shown. This analysis could 
be run for a specific year to determine the state of a crop when frost damage is forecast. 
1995 Validation in Iowa 
During 1995, we began a 2 year effort to validate the com and soybean models in Iowa for 
several commercial com hybrids and soybean varieties. Tables 1 and 2 show the 
experiments used for this effort. Every 3 to 4 weeks during the season, we collected 
destructive biomass samples to determine weight of leaves, stems (stalks), pods (ears), and 
grain (kernels). In addition to this, developmental growth stage was measured on a weekly 
interval at many locations. In the first year, we used growth and development data to 
calibrate the com and soybean model. This experiment has been replicated during 1996 to 
collect data to validate the models, which were calibrated for the 1995 field experiments. 
Results of the 1995 calibration of the soybean and com models are shown in Figure 3 and 4 
for grain weight. From these preliminary results, the com model gives good predictions of 
measured yields, while the soybean model tends to slightly underpredict fmal yield. Most of 
these experiments are being repeated during 1996 for further validation. 
Precision Farming 
Another exciting opportunity is to use crop models to explain yield variability and to 
determine optimum, variable rate, management practices across fields. We have just 
begun several projects where the com and soybean model will be used in this manner. We 
have just begun to work out procedures required to use the models for precision farming 
analysis. Currently, we are trying to work out methods to calibrate the models to 
measured yields at locations in fields where detailed soil information and yield exists 
within a field. Figure 5 shows an example field with locations having known soil 
properties required by the model (moisture holding capacity, conductivity, nutrients, etc.). 
Presently, the com model has been calibrated to fit the measured com yields at these 
locations for 1995, as shown in Figure 6. Our next step is to extrapolate soil properties at 
192 
the known locations to all other grids within the field, and to run the model at those 
locations. Error between predicted and measured yields will be studied, and the model 
will be used to test different hypotheses related to the cause of the error. The models will 
be used to study issues such as causes of yield variability, economics of precision 
farming, and determining optimum inputs to maximize net return within grids in fields. 
Role of Models in Technology Transfer 
The United Soybean Board has recently funded a 3 year effort to develop a soybean 
decision support system that will allow users to rapidly evaluate the effects of various 
management practices on soybean yields and net return. This system consists of a user 
friendly interface that allows farmers to enter management practices for specific fields. 
Management practices includes variety, planting date, row spacing, soiltype, weed 
populations, and irrigation practices. The system creates input files to run the soybean 
model for different management practices. The system runs in two modes. In the real 
time mode, the user can use the system to make within-season decisions such replanting, 
and herbicide or irrigation applications, or run a yield forecast. In the planning mode, the 
user can evaluate the effects of planting date, variety selection, irrigation, and weed 
control using one or more years of historical years of weather data. This system will be 
pilot tested on several Iowa farms during 1997. 
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Table 1. Summary of experimental data sets used for evaluation of the Generic-CERES 
corn model in Iowaa. 
Hybrid Location Treatment Planting Date Soil Type N rate Number of 
%of normal sample dates 
P10neer jj94 Ames• bll"iy z-May-95 Clan on IUUL?o 5 
Ames Late 22-May-95 Clarion 100% 14 
Armstrong Early 2-May-95 Marshall 100% 3 
Armstrong Late 31-May-95 Marshall 100% 3 
CTS Early 21-May-95 Otley 100% 5 
Pioneer 3489 Ames• Early 2-May-95 Clarion 100% 8 
Ames Late 22-May-95 Clarion 100% 9 
Armstrong Early 2-May-95 Marshall 100% 3 
Armstrong Late 31-May-95 Marshall 100% 3 
·Amana Cherrytree 20-May-95 Waukegan 100% 5 
Nashua Early 5-May-95 Clyde 100% 5 
Nashua Late 26-May-95 Clyde 100% 5 
DeKalb 591 Ames No-Till 15-May-95 Clarion 50,100,150% 21 
Ames Chisel 15-May-95 Clarion 50,100,150% 21 
Ames• Moldboard 15-May-95 Clarion 50,100,150% 21 
Armstrong Variable N rate 12-May-95 Marshall 50,75,100,125% 3 
Holden B-11 Amana• Grid 4 North 5-May-95 Waukegan 100% 5 
Amana Grid 4 South 5-May-95 Waukegan 100% 5 
Pioneer 3531 Amana• Vogts 7-Jun-95 Waukegan 100% 5 
DeKalb 485 Nashua• Variable N rate 5-May-95 Clyde 50,75,100,125% 5 
Pioneer 3563 Nashua• Early 5-May-95 Clyde 100% 5 
Nashua Late 26-May-95 Clyde 100% 5 
a Location* indicates experiment used to compute genetic coefficients for a specific 
variety. 
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Table 2. Summary of soybean experiments conducted in 1995 in Iowa3 • 
Variety Location Field Name Planting Soil Plants #of Biomass 
or Treatment Date Type perHa Measurements 
P10neer 9304 Ahles' barly 15-May-95 Clan on 310000 5 
Ames Late 5-Jun-95 Clarion 226000 5 
Armstrong Early 1-Jun-95 Marshall 269000 3 
Armstrong Late 14-Jun-95 Marshall 203000 3 
Stine 2250 Ames• Early 15-May-95 Clarion 361000 5 
Ames Late 5-Jun-95 Clarion 202000 5 
Armstrong Early 1-Jun-95 Marshall 289000 3 
Armstrong Late 14-Jun-95 Marshall 295000 3 
Pioneer 9273 Amana• Grid 4 North 9-Jun-95 Waukegan 192000 4 
Amana Grid 4 South 9-Jun-95 Waukegan 192000 4 
Kenwood A!nes• Bruner Farm 27-May-92 Clarion 282000 7 
Ames Bruner Farm 27-May-93 Clarion 282000 7 
Ames Bruner Farm 27-May-94 Clarion 282000 6 
Ames Bruner Farm 27-May-95 Clarion 282000 7 
CRS3-998-24-1 Ames• Bruner Farm 27-May-92 Clarion 282000 7 
Ames Bruner Farm 27-May-93 Clarion 282000 7 
Ames Bruner Farm 27-May-94 Clarion 282000 6 
Pioneer 9301 Amana• Tincan Alley 22-May-95 Waukegan 196000 5 
Pioneer 9342 Amana• Amana 1 24-May-95 Wiota 196000 5 
Pioneer 9271 crs• South 24-May-95 Otley 196000 4 
ICI 260 CTS* North 24-May-95 Otley 196000 4 
a Location* indicates experiment used to compute genetic coefficients for a specific 
variety. 
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Figure 1. Predicted and measured soybean yields for Mason City 
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Figure 2. Distribution of predicted physiological 
maturity date for 1986-1995, Mason City, lA. 
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Figure 3. Predicted vs measured com yield. 
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Figure 4. Predicted vs measured soybean yield. 
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Figure 5. In order to calibrate crop models to predict measured yield distributions, soil 
properties including moisture holding capacity, rooting depth, conductivity, and nutrient 
levels must be known. In this example, soil characteristics representing grids at known 
locations are interpolated to other locations within a field . 
• Known Soil Properties 
D Interpolated Soil Properties 
Figure 6. Example of calibrating com model to measured yield at several grids within a 
field. Each grid has known soil properties, which are used to calibrate the com model at 
these locations. 
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